This report summarizes the Cretaceous stratigraphy of the McCarthy A-4 quadrangle, southern Alaska. Only that part of the quadrangle north of the upper Chitina Eiver is herein considered because that part south of the river has not been mapped in detail. This investigation, carried out by the U.S. Geological Survey, is part of a larger study of .the areal geology, stratigraphy, and ore deposits of the upper Chitina Valley region ( fig. 1 ).
This study is based primarily on geologic mapping in 1961 by D. J. Miller and Eobert MacColl. Additional field observations and fossil collections were made by D. L. Jones in 1961 and by E. M. MacKevett, Jr., and the authors of this report in 1962. D. L. Jones is responsible for the stratigraphic section and fossil identifications, and H. C. Berg is responsible for detailed mineralogic description of the rocks. One of the objectives of this project is to derive a system of stratigraphic nomenclature that will adequately reflect the character and will show the relationships of the complexly intertongued units of the Cretaceous rocks of the upper Chitina Valley. At the present time only two names, the Kennicott Formation and the Matanuska Formation, have been applied to the Cretaceous rocks, but the usage of these terms has not been consistent. For the most part, the name Kennicott has been applied on a f aunal rather than lithologic basis, and changes in ideas on the ages of certain fossils have resulted in changes in correlation of rock units and in the nomenclature applied to them. A brief history of the vicissitudes in usage of the term Kennicott is presented and will serve as a general summary of previous investigations of the Cretaceous rocks of the upper Chitina Valley.
No stratigraphic names are herein applied to the Cretaceous rocks of the McCarthy A-4 quadrangle even though three units of formational rank are mapped. It was thought best to refrain from applying formal stratigraphic names until the data from the McCarthy A-4 quadrangle can be integrated with data obtained elsewhere from field studies now in progress.
The three Cretaceous formations (pi. 1) range in age from early Albian to Campanian or Maestrichtian. The lowest formation consists of sandstone and siltstone, the middle formation of black shale
A3
and siltstone, and the upper formation of massive conglomerate and sandstone with minor siltstone. Deposition of this sequence was not continuous, however, and at least two unconformities are present. The Cretaceous rocks rest on an eroded surface cut on Upper Triassic and older rocks, and are locally overlain by Pleistocene and Recent glacial and alluvial deposits. Thick Tertiary sedimentary and volcanic rocks crop out nearby but are absent in the McCarthy A-4 quadrangle.
The Cretaceous rocks are broadly folded into a series of gently westward-plunging anticlines and synclines, and in some places the structure is complex, owing mainly to faulting which has produced steep dips and local repetition of strata. Only the major faults have been mapped. Because of the prevalence of unmapped minor faults, discontinuous exposures, and rugged terrain and because the mapping was carried out in reconnaissance fashion, it has been impossible to measure any stratigraphic section in detail. The measured sections shown on plate 1 were made partly by pace and compass methods, partly by altimeter surveys, and partly by computing thickness from the topographic map. All these measurements are undoubtedly subject to wide error.
PREVIOUS WORK
Cretaceous rocks of the upper Chitina Valley and surrounding areas, including the A-4 quadrangle, have been studied by reconnaissance methods by several geologists, and the nomenclature applied to these rocks has not been consistent. Rohn (1900) first made geological observations in the Chitina Valley and applied the name Kennicott Series to light-gray rather coarse-grained Aucetta-be&ring arkose that crops out in and near Fohlin Creek and on the north side of Kennicott Pass, currently called Fourth of July Pass (see fig. 1 ). Black shales cropping out on the south side of the pass were noted but not included within the Kennicott Series. Other rocks correlated with the type Kennicott included massive conglomerate and dark shales exposed on the upper part of McCarthy Creek. These rocks were considered to be of Late Jurassic or Early Cretaceous age. Schrader and Spencer (1901) adopted the term Kennicott and designated as Kennicott Formation a narrow strip of rocks in and west of Fohlin Creek and along the Kennicott Pass trail, a small patch near the headwaters of Nikolai Creek, and conglomeratic rocks capping the ridge between Young Creek and the Chitina River. Moffit and Maddren (1909) followed this usage without modification, but Moffit and Capps (1911) Moffit and Overbeck recognized a unit, overlying the lower sandstone unit, composed predominantly of black and reddish-brown shale with locally abundant limestone concretions and beds. This unit corresponds to unit K2 shown on plate 1.
Moffit and Overbeck recognized a third unit, overlying the black shale, composed of conglomerate, sandstone, sandy shale, and arkose that crops out on the ridge between the Chitina Valley and Young Creek, and also caps Pyramid and Andrus Peaks to the north. This unit corresponds to unit K3 shown on plate 1.
Fossils from the lower two units were submitted to T. W. Stanton and F. H. Knowlton for identification; the upper unit yielded no diagnostic fossils (see Moffit, 1918, p. 37-45) . On the basis of the marine invertebrate fossils from the lower units, Stanton assigned a mid-Cretaceous age to some of the rocks and correlated them with the Haida Formation of the Queen Charlotte Islands; on the basis of plants, Knowlton assigned these same rocks to the Upper Jurassic. Since these early identifications were made, no paleobotanist has studied the Chitina Valley floras and attempted to rectify these disparate age assignments.
The reaction against the over-expanded usage of the term Kennicott was carried one step farther by Moffit and Mertie (1923, p. 50) who in a discussion of the geology of the Kotsina-Kuskulana district in the lower part of the Chitina Valley, stated that "it seems desirable to re-strict it [the name Kennicott Formation] to Kohn's original definition and to include in the formation only beds containing the characteristic fossils of his localities." Martin (1926, p. 327-349) summarized in detail the previous history of investigations in the Chitina Valley, and followed Moffit and Mertie in restricting the Kennicott Formation to "the J.weZ/o.-bearing beds of Bear and Fohlin Creeks and Kuskulana Pass." Moffit (1938, p. 71) then confused this meaning by including in the Kennicott Formation the thick sequence of Upper Cretaceous black shale exposed in the mountain south of Fourth of July Pass. Moffit (1938, p. 72) stated that this shale is continuous with black shale exposed near the town of McCarthy and on Dan and Chititu Creeks, although he did not apply the name Kennicott to these beds.
On his geologic map, Moffit (1938) included all beds considered to be Cretaceous under one symbol and stated that the Kennicott Formation was included. Therefore, some doubt exists as to just which units Moffit included in the Kennicott Formation, and this confusion is reflected in the correlation chart by Imlay and Reeside (1954) , who assigned Lower Cretaceous (Albian) deposits to the Kennicott Formation and the Upper Cretaceous deposits of Young and Chititu Creeks to the Matanuska Formation. However, in their discussion of the Lower Cretaceous rocks, they included 3,000 feet of black shale that is probably equivalent to beds elsewhere included in the Matanuska Formation. In a later paper, Imlay (1960) used the term Kennicott Formation in a table showing geographic distribution of Albian fossils, but no other mention of the term was made in the text.
Because of the various meanings attached to the term Kennicott Formation and because its recognition is based mainly on faunal rather than lithologic criteria, it seems best not to apply the term to rocks of the A-4 quadrangle until geologic mapping is completed in the vicinity of Fourth of July Pass and the stratigraphic section there worked out in detail. Preliminary unpublished studies by Imlay, Jones, and others have shown that only lower Albian deposits containing the Moffitites and Brewericeras faunas (Imlay, 1960) are present on the north side of the pass. These beds are overlain by a massive conglomerate containing large blocks of Triassic McCarthy shale, as well as reworked concretions from the underlying Cretaceous beds. The 'age of the conglomerate is not known but it may be Upper Cretaceous and represent the basal beds of a Coniacian transgression that has been recognized elsewhere. If this is so, the type Kennicott Formation should probably be restricted to the few hundred feet of Albian sandstone and shale below the conglomerate.
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A6 CONTRIBUTIONS TO STRATIGRAPHIC PALEONTOLOGY
STRATIGRAPHIC SUMMARY
UNIT K!
L.ITHOLOGY
The basal Cretaceous formation of the McCarthy A-4 quadrangle is a complexly intertongued assemblage of sandstone, siltstone, shale, siliceous siltstone, and minor conglomerate. This assemblage rests unconformably on older Mesozoic (Triassic) or Paleozoic (Mississippian) rocks. Facies changes within this unit seem to be abrupt, but, because of poor outcrops and numerous minor faults, these changes have not been traced out in detail. The upper contact is placed at the top of a light-brown-weathering siliceous siltstone unit that is especially conspicuous on the south side of MacColl Ridge west of Canyon Creek (pi. 1). Unit KI is overlain unconformably by the dominantly black shale unit K2 that contains a few thin sandstone beds at and near the base.
The most complete sequence of unit Kj. is exposed on the south limb and nose of the anticline north of the Chitina River; the exposures at the mouth of Canyon Creek are particularly good (section 1 of pi. 1). The strata on the north side of the anticline, especially those immediately west of Canyon Creek, are structurally complex and probably do not represent a continuous section. The lower part of the formation at the mouth of Canyon Creek consists of a few feet of pebble conglomerate that grades upward into massive very fine grained to fine-grained greenish-gray fossiliferous sandstone that locally weathers pink. This basal sandstone unit, which is about 100 feet thick, is overlain by about 50 feet of pinkish-brown-weathering shaly siltstone, which underlies about 200 feet of dark-gray sandy siltstone. The upper part of the siltstone contains abundantly fossiliferous calcareous concretions. The uppermost 20 to 30 feet of the exposed Cretaceous rocks at the mouth of Canyon Creek consists of massive dark-greenish-gray very finegrained silty sandstone.
The basal sandstone unit is generally moderately well indurated, thin-to medium-bedded, fine and very fine grained, and poorly sorted. Locally, minor thin beds of conglomerate and coarse-grained sandstone are present. Because the unit contains considerable clay matrix and abundant unstable constituents, it is classified as lithic wacke or feldspathic wacke.1 A small part of the unit, however, is sufficiently well sorted and free of clay matrix to be called arenite (lithic). Thin A7 section examination of the basal sandstone unit shows that it is composed chiefly of angular to subrounded detrital particles of quartz and feldspar, which together constitute about 50 percent of the rock; lithic fragments mainly slate or phyllite, siltstone, volcanic rock, and chert make up 15 to 45 percent of the rock; and potassium feldspar constitutes from 0 to 10 percent of the rock. Ferruginous "dust," biotite, muscovite, and pyrite are minor detrital constituents; apatite, zircon, and epidote are commonly present in trace amounts. The matrix composed mainly of chlorite, clay, and calcite generally constitutes 10 percent or more of the rock; in the arenites, calcite is the chief cementing material. Locally, glauconite is abundant and imparts a green color to the rock.
The sequence exposed about 4 miles to the west on the nose of the anticline (section 2 of pi. 1) differs from that at Canyon Creek in several respects. The 200 feet of siltstone overlying the basal sandstone unit weathers pinkish brown and contains calcareous concretions that weather light gray and are only sparsely fossiliferous. This unit is overlain by about 50 to 80 feet of massive coarse-grained maroon and greenish-gray sandstone that grades upward into light-gray brownish-yellow-weathering platy siliceous siltstone. This platy siltstone unit is 100 to 150 feet thick and crops out nearly continuously along the north limb of the anticline. Locally, the basal beds of this unit consist of conglomerate containing granitic debris. The siliceous siltstone contains fragments of Inoceramus, ammonites, Foraminifera, and abundant Radiolaria.
To the north along Young Creek ( fig. 2) , unit KI consists predominantly of fine-grained massive to thin-bedded gray sandstone that contains a minor amount of interbedded gray siltstone and weathers light brown (section 3 of pi. 1). A continuous sequence of beds is not exposed here, but the thickness is estimated to be about 150 feet. The pink-weathering basal sandstone found to the south is missing, as is the thick concretionary siltstone section. The uppermost observable beds consist of platy light-brown siliceous siltstone similar to that on the south side of MacColl Ridge. The underlying brown sandstone is abundantly fossiliferous and has yielded a prolific ammonite fauna.
The stratigraphic sequence of unit Kx exposed east of Canyon Creek has not been worked out in detail, mainly because of inaccessibility, poor outcrops, and many unmapped small faults. These beds consist predominantly of fine-to medium-grained sandstone, subordinate gray siltstone, and minor conglomerate. The uppermost beds consist of black shale similar to that of the younger unit K2 and are exposed only in a downf aulted block on an unnamed tributary to upper Canyon Creek, at the eastern margin of the McCarthy A-4 quadrangle. 
A9 FOSSILS AND AGE
The basal sandstone of unit Kx contains an abundant molluscan fauna characterized by the following forms: This assemblage, termed by Imlay (1960) the "Moffitites robustus fauna," is identical with that reported by Imlay (1960) The presence of Doumlleweras mamnvillatwm and Brewericeras hulenense is indicative of a late early or early middle Albian age.
The upper beds of unit Kx are, for the most part, sparsely fossiliferous, but sufficient fossils have been found to date them as latest Albian and Cenomanian and to show that deposition was not continuous throughout KI time. Localities yielding fossils of these ages are shown by triangles on plate 1.
Several crushed specimens of Desmoceras (Pseudouhligella) dawsoni (Whiteaves), indicative of a latest Albian age (Matsumoto, 1959, p. 59-61) , have been found in the light-brown siliceous siltstone exposed on the south side of MacColl Ridge. No species of Middle Albian age, equivalent to those of the Oxytropidoceras packardi zone of Cali-A10 CONTRIBUTIONS TO STRATIGRAPHIC PALEONTOLOGY fornia, have been found in the siliceous siltstone anywhere in the McCarthy A-4 quadrangle. Their absence may be related to an unconformity during that time, as suggested by the presence of conglomerate and sandstone at the base of the siliceous siltstone on MacColl Eidge. Apparently middle Albian rocks either were not deposited or were removed by erosion.
A single specimen of MarsJiaZlites, likewise indicative of a late Albian or Cenomanian age, was obtained from the uppermost beds of the sequence exposed at the mouth of Canyon Creek (USGS Mesozoic loc. M1330). No conglomerate or coarse sandstone is present there, nor is any stratigraphic break readily apparent, although these uppermost beds are somewhat coarser grained than the underlying siltstone. The presence of Brewericeras hulenense only 10 to 20 feet below the Marshallites suggests however, that a disconformity representing mid-Albian time may be present.
East of Canyon Creek, fossil localities of latest Albian or early Cenomanian age have been found. One locality (USGS Mesozoic loc. M1333), just east of the eastern margin of the McCarthy A-4 quadrangle, has yielded a prolific fauna characterized by: This fauna is probably equivalent to the lower part of the D. (P.) dawsoni zone, but its precise stratigraphic position cannot be determined as the beds from which it was obtained are in fault contact with Triassic rocks.
Desmoceras (PseudouMigella) japonicum Yabe and Sciponiceras sp. were obtained from the black shale sequence exposed along an unnamed creek about 4^/ 2 miles east of the Young Lakes (USGS Mesozoic Iocs. M1292 and M1676; the latter is east of the A-4 quadrangle). These fossiles are indicative of a Cenomanian age.
UNIT K2 L,ITH:OIX>GY
The intermediate Cretaceous formation, unit K2, consists of black shale and siltstone but includes minor amounts of reddish-brown siltstone, greenish-gray fine-grained sandstone, and abundant gray to All reddish-brown calcareous concretions. The thickness cannot be measured accurately because of structural complexities, but it is estimated to be at least 4,500 feet and may be much more. This unit unconformably overlies the light-brown siliceous siltstone of unit Ki on MacColl Ridge and is overlain by massive conglomerate and sandstone of unit K3 (pi. land fig. 3 ).
The basal beds of unit K2, which can only be observed in a few places, consist of medium-grained greenish-gray sandstone, a few to 5 or more feet thick, that grades up into dark-gray shale. This sandstone is glauconitic and is composed predominantly of quartz, lithic fragments, and plagioclase; matrix, which constitutes about 10 percent of the rock, is composed of calcite, clay, and minor chlorite. To the north, along Copper Creek in the McCarthy B-4 quadrangle, the basal beds of unit K2 consist of several hundred feet of conglomerate that may rest unconformably on the McCarthy Formation, as no intervening unit K! having yet been recognized.
FOSSILS AND AGE
Fossils are locally abundant in calcareous concretions in unit K2, although much of the unit is barren or contains few well-preserved specimens. The precise stratigraphic position of fossils within the formation is in places difficult to establish owing to local structural complexities.
The lower beds of unit K2 are sparsely fossiliferous. They have yielded only fragments of Inoceramus similar to /. uwajimensis Yehara and are probably, therefore, of Coniacian age. In the middle part of the formation fossils are more common, and the following forms have been identified (see also Matsumoto, 1959, p. 87 5 ) and may be, in part, of nonmarine origin. Fragments of Inoceramus collected from siltstone units indicate that some parts of the formation are marine, but these fossils are not well enough preserved to furnish a precise age determination.
Detailed lithologic data were not collected during the present investigation, and little can be added to the description of these rocks given by Moffit and Overbeck (in Moffit, 1918, p. 34-36) . As viewed on the north side of MacColl Eidge, unit K3 overlies unit K2 with apparent conformity, although locally the contact is disturbed by faults. Evidence of channeling can be seen on the crest of the ridge, however, and it seems likely that locally parts of unit K2 have been removed by erosion during or before deposition of the basal beds of unit K3. Ammonite fragments have been found in the basal conglomerate beds, but so far no diagnostic fossils have been found, and the magnitude, if any, of the time gap between these two units cannot be established.
The total thickness of unit K3 is unknown; the exposed part has not been measured in detail, but estimates based on mapping show that between 3,000 and 4,000 feet of beds are present on MacColl Ridge. Almost 3,000 feet of nearly horizontal beds are exposed on Pyramid Peak and the nearby unnamed peak to the north in the southern part of the McCarthy B-4 quadrangle ( fig. 4) Moffit, 1918, p. 35 ) estimated a thickness of about 2,500 feet for the beds on MacColl Kidge. The generalized section is as follows: Feet Sandstone, coarse, green and gray; interbedded with dark shales containing imperfect plant remains__ __ 700 Shale, brown and gray; subordinate dark beds-_ 700 Sandstone, greenish or greenish-gray_________ 100 Shale, fine-grained, brown, gray or greenish-gray 700 Conglomerate and sandstone___________ _ , 300
2,500 FOSSILS AND AGE
Only poorly preserved plant remains, fragments of Invcerarrms, and possibly reworked fragments of ammonites, have been found in unit K3 ; consequently, the precise age of the unit cannot be established other than being Late Cretaceous, probably late Campanian or Maestrichtian based on superposition above Campanian beds.
ECOLOGIC CONDITIONS AND GEOLOGIC HISTORY
Deposition of unit KI in shallow marine waters commenced in early Albian time after a period of folding, faulting, and deep erosion. Within the McCarthy A-4 quadrangle, this erogenic episode can only be dated as post-Late Triassic. However, to the northwest in the McCarthy C-5 quadrangle, MacKevett and Imlay (1962) have shown that rocks as young as Late Jurassic (Kimmeridgian) are folded and overlain unconformably by Lower Cretaceous rocks; this evidence indicates that the major erogenic movements occurred during the Late Jurassic or Early Cretaceous.
The prevalence in units Kx and K2 of ammonites and Inoceramus and the absence or scarcity of a thick-shelled pelecypod and snail fauna indicate that most of the fossiliferous rocks were deposited at neritic depths below the zone of active wave agitation. The general coarsening of the middle part of unit Kx from siltstone in the south to finegrained sandstone in the north suggests a northerly source for these sediments. Likewise, the absence of rocks of the Moffitites zone in the Young Creek area suggests a northward transgression. No evidence is seen for a southern source from the Chugach Range, but the data are as yet too fragmentary to rule out such a provenance.
The absence of fossils of mid-Albian age and the local presence of conglomerate lenses at the base of the light-brown siliceous siltstone in unit Kx indicate that a relatively minor break in sedimentation occurred during deposition of that unit. No angular discordance has been observed at the base of the siliceous siltstone, nor is there evidence of extensive erosion.
The unconformity between units Kx and K2 in the McCarthy A-4 quadrangle represents late Cenomanian and Turonian time ( fig. 6 ).
